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Blood Lead—Tooth Lead Relationship A
Boston Children p Among

Michael B. Rabinowitz, Alan Leviton, and David C Bellinger

Neuroepidemiology Unit, Menta! Relardalion Research C i '
Hospital, Boston, Massachuselts 02115, USA enter. Children's

The smount of lesd In deciduous teeth has been u

s marker for Infant lead exposure and body bnrdol.\.‘:u:::.l::l:.ol{ :l.
1972). Elevated tooth lead levels have been seen in children Ih(;
had lead poisoning (Brudervold et al. 1977). Also, on a population
wide basis tooth lead levels appesr to vary according to housing
status and presumably lead exposure (Ewers et al. 1982 and Gllberg
ot al. 1982). This exposure index has been applled using varying
techniques In Denmark (Grandjean et al. 1984), South Africa
{Grobler et al. 1988), and the United Xingdom (Mackie et al. 1977).

Because of the neurotoxicity of lead, the tooth lead levels of
retarded and normal children have been compared (Pinchin et sl
1978). Most recently, In research of lead and child development,
tooth lead levels have been used se markers of past lead exposure
(Needleman ot al. 1979). Despite the widespread use of tooth lead
values, very little is known about the exact time course of lead
deposition In tooth from blood. This report compares blood lead
:;:I';:c at different ages to tooth lead levels in a group of Boston
n.

MATERIALS AND METHODS

The base population consjsted of 11,837 consecutive bdirths at the
Boston Hospital for Women between April 1979 and April 1981.
Detalls of the population and Dblood sampling have been published
(Radinowitz et al. 1984). Briefly, bables were eligible for Incluslon
in this follow up study If their umbilical cord blood lead levels
were In the highest, middle or lowest decile. The participating
mothers had s mean age of 29 ysars and were well educated (e.g.
16 years mean aschooling). In general the 249 enroiled children
represent healthy products of uneventful pregnsncles and live in
areas that placed them at relstively low rlsk for lead polsoning.

Send reprint requeets to M. B. Rsbinowitz, Merine Blological
Laboratory, Weods Hole, MA 02642 USA. (from 8/88 to 8/90:
Graduate Institute of Public Health. National Talwan University; 1 Jen
Al R4. Sec. |, Talpel, Telwan, Repubdblic of China)
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The annual attrition rate was less than 10%; s total of 202
children completed the 2 year follow—up. Both blood and Sooth were
svailable from 102 children. In additlon to umblilical cord blood,
capiliary blood was sampled at 6,12,18, and 24 monthe and venous
blood at 67 months of age. These specimens were analyzed In
duplicate or triplicate with s model 3010A anodic stripping
voltammeter (FSA, Bedford, MA). The average difference between
the duplicates was 1 ug/dl and exceeded 3.6 tn only 10% of the
pairs.

Shed primery teeth of the study chlldren were requested from the
parents by mall. Teeth wers returned by mall, wrspped In plastie
padding, inside a cardbosrd box In a reinforced envelope. Parents
supplied iInformation about the tooth's loecation In the mouth and
the date the tooth was shed by Indications on a reply card supplied
to them. After receipt. the teeth's outer surfaces were usuaily
brushed by hand with pumice powder that had been pre-cleaned
with warm EDTA. This was done to enable better visual detection
of enamel defects and was unrelated to the dentin lead sssay.

All subsequent steps wers completed In 8 room with controlled alr
flow which was coatinually recirculated by two HEPA air fliters
{model 100 Plus, Environmental Alr Control, Albuquerque NM). This
ylelded laboratory alr containing 1 ng per cubic M of lead, versus
woods Mole outdoor alr of 4 and Boston laboratory air of 10 to 50
at that time. Inside the sample digestion box which was fitted with
an additional HEPA fliter, the air lead level were 0.03 ng per cu M.
The entrance to the room was fitted with a sticky adhesive mat for
dust control.

The tooth lead was determined in two portions of dentin taken
from the zone presumably representative of post-natal deposition.
Cross~sectiona] slabs of tooth material (FIGURE )) were obtained
by sagittally slicing the tooth with s low-speed Buehler saw fitted
with two diamond Impregnated blades separsted with s thin spacer.
Water was the only cutting fluld. Because of the low relative
humidity in the laboratory nc special efforts were made to dry the
samples. This slad was coversd with a sheet of Paraflim and
placed on an anvil. A chisel and mallet were usld to Isolate
different portions of the slad for chemical snalysls; the sampled
sites within each tooth were located visually. A cut was made from
Just below ths cementum-enamel junction, which was visible In the
slihouette of the tooth, to a point midway between the top of the
pulp eavity and the crown. For Incleors this cut approximates the
neonstal line (Schour 1936). A midline cut wes also made. For
deciduous teeth with the normal smount of root resorption, this
ylelded two specimens of 10-15 mg each from the post-hatal dentin.

These portions were digested in a Pyrex tube with 260 ul. of re-
distilled nitric acld (GP Smith). Blank tubes and tubes with a
calcjum~-based standerd sccompanied each batch. These were heated
In the HEPA fitered air chamber. After refluxing and dissolution,
they were hested further to reduce the volume to nesr dryness
(less than 30 ulL). Just prior to analysis, the samplee were
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Pigure 1: Tabulsr sagittal cross section of typical deciduous Inclsor
(about 10 X magnification ). Note crown wear and partially resorbed
root. Hatched areas indicate enamel and the pulp chamber: dashed
llne is spproximate location of the neonatal line. Samples were
obtained from the postnata) zones between DAB and BAC.

redissolved in place with 2.6 mL of 1.0 M sodium acetate, 0.2 M
chloride and perchlorle acid buffer, pH to 5.8. This buffer was
made nearly lead—-free by batch electroplating for as many as 60
hours st 1.2 volts using a model 3010A anodic stripping voltameter
(ESA, Bedford MA) with & mercury coated graphite electrode. Initial
plating was st 1.26 volts for 6 minutes, the sweep rate was 15.00 mv
per step. and final potentisl was 220 mv. Although & strip charter
recorder was used to monitor the machine performance, the actual
lead evaluation was done with the peak integrator. These methods
have severa) advantages.

Firet, using a fast otripping rate snd pesk Integrator provides
large and sharp current surge whose measurement is unaffacted by
slight lead peak ssymmetries, which would cause inaccurscies if
peak height were used instead. Second, our choice of buffer sliows
for the unavolidable variations in the residus! smounts of scid left In
the test tubes, which would affect the locatlon of the lead peak.
Third. any copper pesk §s further from the lead peak In this matrix,
thus minimizing Interferences expected with a chromium chloride
based matrix.
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The smount of lead represented by each peak was calculated from
the best-fit straight line fit to at least 5 aquecus jead stahdards run
smong the samples on the same day. The average r-squared
assoclated with this line was 0.990 (std dev = .011). Procedural lead
blanks sveraged 3.0 ng (std dev = 2.3) per sample and represent
sbout 6% of the lead present. An internal standard of lead-enriched
calcium chloride was prepared to monitor the long-term behavior of
the system. The concentration of lead iIn this solution and the
aqueous lead standards was determined by Professor Willlam Manton
of the University of Texas using isotope dilution mass spectrometry.
The observed mean value of lead In this standard, which
accompanled each of the 216 batches of teeth, which included those
reported here, was 5.48 (std dev = 0.38) ug/g . with a range of 4.6
to 6.3. The 956 % confldence Interval was 644 to 564 ug/g. The
vaiue obtained by lsotope dilution, an absolute reference method,
was 5.63 (std dev =0.04). The standard did not exhidit any time
trend. The correlation of the observed values with time was not
significant, r=-.05, p=.48.

We obtalned two lead concentrations for each tooth. These values
were averaged If they differed dy 2.5 ug/g or less. Otherwise., two
additional portijons of the tooth were prepared, and the thres
closest values for the tooth aversged. This was necessary for fewer
than 16 % of the teeth. When multiple teeth were submitted for a
child, we considered only the first tooth recelved for most of the
analyses reported here. 96 of the 102 teeth recelved were primary
Incisors; for 5 the location wae uncertain.

RESULTS AND DISCUSSION

The mean lead level in these 86 primary Incisors was 2.8 ug/g (std
dev = 1.8, range 0.3 10 12.8). The average lead level of central
Incisors did not differ from that of lateral Incisors (2.8, std dev =
1.0 va 2.6, std dev = 1 4). Simllarly, maxlllary incisors did not
differ from mandibular incisors (3.2. std dev = 2.3 vs 2.6, std dev =
1.1). Por the smaller number of children who supplied multiple teeth,
paired snalysis slso showed no difference between types of Inclsor.

Plgure 2 consists of six scatter plots of the dentin ldad and blood
lead values for various ages between birth and 67 months. As
dlsplayed in Tabdle 1, the sssociation between tooth Jead and blood
lead increases with age, first achieving statistical significance at sge
18 months. By 67 months the correlation coefficlent Is 0.66. This Is
similar to the value of 0.47 found between current blood lead and
inclsors among 302 German children (Ewers et al. 1982).

Although calcification never totally stops. In the sampied part of
the deciducus incisor calcification 1s complete by the end of the
first year of age and of the entire tooth before the end of the
second year (Schour and Massler 1941). These findings imply that
this dentin continues to accumuliste the lead present In blood st
older ages. Although about 80 percent of the dentin specimen
assayed was calcified prior to age 18 months, less than 10 percent
of the expilained tooth lead varlance Is accounted for by blood lead
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PFigure 2: Scatter plots and best linear fits of tooth lead and blood
lesd at six ages, birth through 67 months. Dentin lead averaged 2.8
ug/g. blood Jead asbout 68 ug/L. Note the increase of slope with
nge. .

measurements at or before 18 months. Any lead deposited eariler
can be lost through exchange. If the dentin did accumulate lead
uniformly with time, then the regression Intercept would increase
with age. Because the Intercepts do not Incremse with age, we infer
that dentin does not retasin deposited lead uniformly over time
during the esrly years of development (Table 1). Additional support
for this view s provided by the observation that averages of the
blood lead st various combinations of ages dild not correlate better
with the tooth lead than did the blood at the last sge only.

As young dentin matures, the microtubule structure changes and
becomes Jess permeable (Thomas 1085). Even fully mature dentin le
somewhat permesabie to fluide (Psshley et al. 1984). Also, zinc and
strontium diffuse through dentin, but on a sub-mllilimeter scale
(Ashrafl ot al. 1983 and Stazen et a). 1977). Thus, it Is not
surprising that the dentin appears able to lose lead for as much as s
year after initial csicification is complete, only later becoming a
more sesled repository. In contrast, permanent teeth appear to
sccumulste lead over many decades (Steehout and Portols 1981).
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Age N r s SE. p Int S.E.
Birth 102 .23 .01 .03 .03 2.9 <

6 mo 97 A4 .04 03 .2 25 .3

12 9?9 11 .04 .03 .2 2.6 3 .
18 102 .28 .08 .03 .01 22 .3

24 101 48 .16 .03 .000} 1.8 .2

67 1] .58 .21 .03 .000} 1.6 .3
Average 102 .19 .08 .03 .02 2.1 2

- Table 2. Correlation of Blood Lead et 67 months with Earlier Blood
Lead Leveis and with the Dentin Lead Measurement.

Sample [ 4
Blood Lead
Birth .09
6 mo A4
12 .24
18 A8 0 °
24 43 °*°

Dentin Lead .56 °°

* p €0.01 ** p €0.0001

Although individual infant blood lead levels fluctuate over time In
this pepulation, variadility seems to decrease with increasing age
(Table 2) (Rabinowits et al. 1984). Much of the varlance In 24
month blood lead is shared with the 57 month value. Thus, the
apparent correlation of tooth lead with the 24 month blood value
may be a result of the Intercorrelations among these blood lead
measures.

In this populstion mesn blood lead levels did not change
substantially with sge. However, In populations where chiidren
recelve the preponderance of thelr total lesd exposure during a
narrow time interval, the patterns of correlation between blood lead
levels at particular sges and tooth lead levels might be different.

Acknowledgments. The authors are grateful for the advice of
Herbert Needloman and Howard Needleman and the generous
cooperstion of the parents and Infents. Ann Lewandowskl and
Eljzabeth Allred provided inveluable technical sssistance. Research
funding was supplied by NIH grants HD 08948, HD 17047, HD 20381,
ES 00138, and P30-HD18668.

L)

M(1983) Use of x-ray microanslysis to monitor diffusion of In
from a cement Into human dentin. J Orel Pathol 12:199-206

Attramadal A, Jonsen ] (1978) The content of lead., cadmlum, zinc,
and copper in declduous and permanent human teeth. Acta Odont
34:127-13)

Brudevold P, Assenden R, Srinivasian B, Bakhos Y (1977) Lead In
ensmel and saliva, dental carfes and the use of enamel
blopsies for measuring past exposure to lead. J Dent Res
66:1166-1171

Ewers U, Brockhaus A, Winneke G, Freler I, Jermann E, Kraemer U
(1982) Lead In deciduous teeth of children living In »
non-ferrous smeller ares and e rural area of the FRG. Int Arch
Occup Environ Hith 80:139-1851

Gllberg C, Noren J, Wahlstrom J, Rasmussen P (1992) Heavy metals
and neuropsychiatric disorders In eix-year old children. Acts
Paedopsychist 48:283-263

Grandjesn P, Haneen O, Lyngbye K (1984) Analysis of lead In
circumpulpa) dentin of deciduous teeth. Ann Clin Lab Sci}
14:270-278

Grobler S, Rossouw R, Kotze D (1985) Lesd levels In clrcumpuipal
dentine of children from different geographic aress. Arch Oral
Biol 30:819 - 820

Mackie M, Stephens R, Townsend A, Waldron H (1977) Tooth lead
levels in Birmingham Children. Arch Environ Hith 32:178-186

Needioman H, Tuncay C, Shapiro I (1972) Lead levels In deciduous
teeth of urban and suburbemn American children. Nature 236:
111-112

Needleman H, Gunnoe C, Leviton A, Reed R, Peresle H, Maher C,
Barrett P (1979) Defleits In psychological and classroom
‘performance of childrem with elevated dentine lead levels. New
Engl J Med 300: 689-896

Pashley D, O'Meara J, Kepler B, Galloway S, Thompson 8, Stewart
P (1984) Dental permeabllity. J Perlodont 55:622-626

Pinchin M, Newham J, Thompson R (1978) Lead, copper, and cadmium
In teeth of normal and mentally retarded chiidren. Clinica
Chimica Acta 86:89-94

Rablnowitz M, Needleman H, Leviton A (1984) Variabtifty of
blood lesd eoncentrations during normal Infancy. Arch Environ
flesith 39.74-77

8chour | (1936) The neonatal line In the enamel and dentin of the
human deciducus teeth and first permanent molar. J Am Dent Aas
23:1946-1954

Schour 1, Massler N (1941) The development of human dentition. J
Am Dent Ass 20:1163-60

Stazen P, Foreman D (19077) Diffusion of strontium from
desensitizing sgents Into human dentin as determined by
energy—dispersive analysis. J Dent Res 66:28-36

491

YN

ted

“Y3



